physical properties will cause detectable changes in the modal parameters. This paper presents the background of the behaviour of the RC material, i.e. concrete and steel, at different loading conditions, in order to understand the composite action of the RC structural elements at different loading scenarios. Past studies on the support stiffness deterioration, i.e. elastic bearings for bridge girders and tall buildings, are highlighted and studies on the classification of damage source either due to the support stiffness deterioration or due to the defect of the structural element stiffness are presented.
Studies on the detection of damage severity and location algorithms and procedures are presented.
Composite actions of RC structures
In the last two decades, investigations on the dynamic properties of structural elements have been the subject of numerous research works. The primary reason for this is the increase in awareness and interest in using dynamic testing techniques for the purposes of health monitoring and damage detection for engineering structures. The dynamic properties of any structural element are governed by the relationship of the material properties and the boundary conditions. For steel, the dynamic properties relate to steel element properties, which are assumed to be the same under different load and boundary conditions. For concrete elements, such as plain concrete, the dynamic properties are related to the behaviour of the concrete element, which will have varying behaviour under different load and boundary conditions. RC structural elements have composite effects due to the presence of different materials that form the RC elements. Therefore, in order to simplify the mechanical behaviour of RC elements, the boundary conditions are assumed to be the same under different conditions in lieu with the objective of this study.
Although many studies have been carried out in the field of mechanical behaviour of RC elements, research in this area is still ongoing due to the complexities that arise from the composite nature of the materials used (Marfia et al. 2004) . Thus, any investigation on the relationship between the dynamic and static properties of RC elements should take into consideration the behaviour of each material under different conditions, the interaction between steel bar and concrete and its influence on the overall element stiffness.When load is applied, the concrete stiffness in both tension and compression will change according to the loading levels and its behaviour under the compression or tension loading action. Cementitious materials are characterised by a softening response, which can vary depending on its strength in compression and tension. Experimental results show that these materials exhibit brittle behaviour in tension and inelastic deformation accompanied by damage effects in compression (Marfia et al. 2004) . Steel stiffness will be governed by the stress_strain relationship obtained from tensile tests. The interacting forces in the interface element between the steel and concrete elements have zero value when no load is applied but increase correspondingly when load is gradually applied to resist the slipping of the steel bar.
Concrete is a material with a hugely heterogeneous The tension-stiffening effect of concrete has been studied using two procedures. First, the tension portion of the concrete stress_strain curve was given a descending branch. This form of the tension-stiffening and Jangid (1998), Abe et al. (2000) , Jangid (1996) and Adachi et al. (2000) . They found from the analysis that base isolation effect was present in all bridges.
The isolation effectiveness was found to decrease corresponding to the increase in the flexibility of the supporting structure and vice versa.
The experimental results demonstrated a substantial reduction of the seismic substructure forces in comparison to the response of the non-isolated bridge (Tsopelas et al. 1996) . Isolated bridges are found to be extremely sensitive to the characteristics of the ground motion due to low redundancy and domination of the deck mode of vibration (Reinhorn et al. 1998 ). Force and free-vibration tests were carried out on Ohito Viaduct Bridge 2, which was isolated by lead-rubber bearings (Ando et al. 1998) . The frequencies were dependent on the exciting force since the amplitude reliance of the equivalent stiffness isolator and the isolator stiffness were found to be dependent on the displacement amplitude even in the linear range. A sliding-type base isolation system was found to be more effective than an LRB isolation system in case a stronger earthquake affected the bridge, based on the comparison of bridge dynamic characteristics (Sugiyama 2000) . The flexibility of the bridge and reduction of the earthquake force using high-damping rubber bearing was done by Iwata et al. (2000) , where bridge safety was confirmed through nonlinear dynamic analysis and a hybrid earthquake-loading test. 
